As the wanderer through cold mists on the fells may be gladdened by a penetrating gleam of sunshine, opening up warm glimpses of distant woods and fields, so was I rejoiced, some weeks ago, on encountering, in a somewhat chilling environment, the Junior Honorary Secretary of this Section glowing with epidemiological enthusiasm. For a few brief moments there was revealed over the hills and far away a sunlit world of practical endeavour, as to the actual existence of which I had become altogether unmindful. Then came the reaction and mild voicing of certain difficulties and fears, but I was assured that epidemiology was not yet, as I had gloomily supposed, finally destroyed, no, not even when the healthy carrier hypothesis was formulated. Your Honorary Secretary's vigorous brushing aside of all objections and difficulties put me in mind, inevitably, of the prince who battled with the briars which surrounded the enchanted palace, and I was filled with hope, that, as the good sword of the new statistical methods was in his hand, he might hack a way through and awaken the Princess Epidemiology. I remembered, in the fairy story, how all those who lived in the palace had become spellbound,
raised, and of the scullion whose ears were about to be boxed, and I could not but compare my own case to that of the scullion, and reflect that any stirring of activity on my part, if it had any influence at all upon the situation, would assuredly be likely to result in corresponding activity of the upraised hand of some expert, who, though epidemiologically speaking spellbound, was nevertheless still fully proficient in all the arts of the confectionery of the laboratory. Your Secretary, however, continued to urge that it is the duty of every one in or about the old palace to do his bit, and I have hence thought again and again of his exhortations, of the horror of the enchantment, and of the intensely rapid growth of the briars; though, indeed, if the fairy story is to be given its modern application no mere briars are here in question, but luxuriating causal schizomycetes, reproducing themselves with inconceivable rapidity, strain upon strain, paraforms commingling with pseudoforms, all stimulated by enrichment media to hitherto unheard-of development, crowding out opsonins and phagocytes, entering into close alliance with aggressins, and withal manifesting ability to undergo mutation to such an extent as to make even sober-minded and philosophical bacteriologists begin to wonder whether it is not really time to set about doing a little weeding. The outcome of this nightmare has been that I have tried to put together a record of the impressions, fondly believed by your Hon. Secretary to be the waking impressions, aroused in the mind of an enchanted scullion, and I have entitled this essay " The Epidemiology of Cerebrospinal Fever." I must admit, however, that I have been seriously handicapped all the time by thinking somewhat ruefully of the hand of that enchanted cook. This subject was, of course, discussed at two meetings of the Section less than two years ago: an epidemic was then in prospect, it is now in retrospect; the point of view has certainly changed, and the design of this paper is not, as it might conceivably have been at an earlier date, to advance any special claims on behalf of any one of the four strains of meningococcus, or of the three (alpha, beta and gamma) varieties of the parameningococcus or of the pseudo-meningococcus, or of any re-*putedly non-pathogenic cocci indistinguishable from the aforesaid; nor do I even hold a brief for the healthy carrier hypothesis; it is sought rather to ascertain whether any facts throwing light upon cerebrospinal fever can be discerned from study of its recent behaviour. I hope to show, to begin with, that it has occurred in this country again and again, probably for many centuries, and certainly since the period of the remarkable outbreaks which accompanied the English sweating sick-nesses of 1485-1551. I trust you will accept Sydenham's account of the new fever of 1685, as depicting a cerebrospinal fever outbreak in the London of 230 years ago. You will, at any rate, agree that posterior basic meningitis killed children long before Gee and Barlow first introduced that disease into the nomenclature, and you will doubtless accept the view that these forms of meningitis and cerebrospinal fever themselves appeared and disappeared, much as they do now, long prior to the time of Weichselbaum, and thus before the initiation of recently introduced methods of attempting to control the course of epidemics.
To the healthy carrier doctrine reference must, of course, be made, because of its bewildering bearing upon practice. Some years ago, when the hypothesis was as yet in its infancy, I remember a former-President of the Epidemiological Society urged that the only satisfactory solution of the difficulties which he clearly saw must arise, was to be found by recommending " segregation of the sound." Now we know, thanks to improved bacteriological methods, that no one is sound, and the administrator, therefore, is perforce content as a rule to dilute the ardour of his zeal with a certain amount of cool discretion. At the time of writing this, however, reports are forthcoming concerning the poliomyelitis of New York, where more than 2,000 cases were notified during one fortnight of last August. Doubtless many were reported in error, for there was coincidently a considerable decline in summer diarrhoea, and notifications of cerebrospinal fever were at a much lower ebb than in this country, but none the less a London paper has advocated the placing under surveillance of adults newly arriving from affected American cities, and it has even been suggested that restric-tions should be imposed upon a London nurse who had been in contact with a child suffering from infantile paralysis. It would appear worth while, therefore, in face of panic proposals of this kind to sum up the results of recent experience gained with regard to segregation of contacts. I recollect some years ago at a discussion on serum therapy, held under the auspices of the Royal Society of Medicine, we were urged to begin by considering not the maladies to which serum therapy was generally believed to be applicable, but some of those to which it was almost universally held not to be applicable. In our modern dealings with what the Americans call " well persons " there is a tendency to proceed on similar lines. If there be anyone here, in whose mind there still remains any scintilla of doubt as to the advisability of segregating healthy carriers of say the staphylococcus or streptococcus or Bacillus coli, I hope to be able to fan that spark into flame, and to induce the waverer to give further consideration to the question as to whether the segregation of " well persons " is likely to have any useful influence whatever in controlling the spread of cerebrospinal fever or poliomyelitis.
In tracing the history of cerebrospinal fever the most striking characteristic of the epidemic prevalences is, undoubtedly, their tendency to occur just before or after, or coincidently with, other forms of widespread epidemic manifestation, and especially with influenzas, sweats, " trousses galants," and catarrhs. The earliest clear accounts of association of meningitis with epidemic catarrh are those given by Hecker. Further light upon the subject is forthcoming, moreover, in Creighton's " History of Epidemics in Britain." In the Milroy Lectures of 1906 I made an analysis of Hecker's data, and this shows how encephalitis in Germany, a putrid fever accompanied by phrenitis (the so-called Hauptkrankheit) in Westphalia, Hesse and Friesland, and epidemic cerebritis in France, shortly preceded in the countries named, the first sweating sickness of 1485 in England; similarly encephalitis, putrid fever, and a fever (said to resemble the febrile cerebritis above referred to) immediately preceded in Germany the second outbreak of sweat in England in 1506; a great influenza prevailed over Europe in 1511; then later encephalitis (Hauptkrankheit) again appeared, this time coincidently with the third English sweat of 1517, and upon this Hecker remarks, " We believe, therefore, that we are fully 'justified in classing the epidemic described to have taken place in Holland and Germany in 1517 with the influenzas, and in declaring the morbid commotion in human collective life, which thus manifested itself, to have been a forerunner of the English pestilence"; when the fourth English sweat prevailed in 1528 it " spread to the Continent and to Ireland," a " trousse galant " appeared in France, and a " pestilential spotted fever destroyed the French military youth before Naples"; coincidently with the fifth sweat, of 1551, there were prevalences of malignant fevers, and of " influenza " in Germany, Swabia and other parts of the Continent.
A remarkable account of brain fever, from the point of view of the relationship of certain forms of a disease so designated, occurring epidemically and in association with epidemic catarrh or influenza, is contained in the chapter entitled " Encephalite," or " Fievre cerebrale," in the second volume of J. A. F. Ozanam's " Histoire me'dicale des maladies 6pidemiques" (Paris et Lyons, 1835). He writes (p. 118) of this epidemic meningitis, as we may surely term it: " Elle se combina, en 1557 et 1559, avec l'epidemie catarrhale qui parcourut successivement l'Allernagne, la Hollande, la France et l'Espagne; elle fut mortelle pour les enfants." The epidemic affected Italy too and, later, other parts of Europe. He adds, " La cephalee se combinaencore, en 1580, avec l'epidemie catarrhale qui parcourut toute l'Europe." In 1588 there prevailed, in canton Bale, "une c6phalee maligne que l'on nomma hauptwehe," and an account is given of a military outbreak in 1616. Then follows a description of the "new disease," described by Willis in 1661, in which post-mortem examination showed " epanchemens sereux dans les cavites du cerveau dont les vaisseaux etaient legerement injectes." Ozanam does not, indeed, refer to Sydenham's account of the outbreak, in London in 1685, of a " new fever," which I brought to the notice of the Section two years ago,' an epidemic disease in which cerebral symptoms commonly supervened upon fever and catarrh, and in which purple spots were frequently noted. Ozanam passes on, however, to describe an outbreak of " encephalite" at Aumale, in 1757, and to refer to another epidemic reported upon by Saalmann in Westphalia in 1788, and styled by him " phrenesie et paraphrenesie, par rapport a l'inflammation des meninges et du cerveau." Ozanam then proceeds to consider the classical outbreak at Geneva described by MM. Vieusseux and Mathey. This lastnamed epidemic is, of course, the outbreak which has been universally accepted by all modern writers as one of cerebrospinal meningitis; but it is, indeed, curious that the earlier history has been ignored, particularly having in view the fact that Ozanam treats Vieusseux's epidemic as only the last of a long series.
On reaching the nineteenth century the summary of Hirsch is available, and it is often referred to as if it comprehended the whole of the known history of the epidemic disease. Hirsch states that the "prevalences " group themselves into four periods, and these, with the recent outbreak, make five in all. It is interesting to observe that, if the years which stand out in Hirsch's Chronological Survey (i, p. 7) as those of widespread epidemic prevalence of influenza are taken, and an interval of some two to four years added on to the dates specified, the then succeeding periods of ten to fifteen or twenty years are the years of Hirsch's " prevalences," and of the latest prevalence of cerebrospinal fever. Thus: ' Proceedings, 1915, viii, p. 77 t This prevalence was particularly well marked in the western, but also affected the eastern hemisphere; it did not make a very deep impression on death returns in Great Britain. The following prevalence of cerebrospinal fever was, in contrast to Hirsch's three preceding prevalences, but little marked in the western hemisphere, but it is recorded to have affected Birmingham, Glasgow, and Dublin in these islands, and to have involved also various European countries. As will be seen later, if a community suffers severely from influenza, it is apt to escape lightly in the succeeding cerebrospinal fever prevalence, and vice versa.
A review of the literature of influenza and cerebrospinal fever makes it clear that the phenomena presented in these diseases need to be examined from two standpoints-first from that of the communities, and second from that of the individuals, affected. As regards the former, the pandemic or major waves of influenza spread over the world at intervals of from fifteen to thirty years; the " trailing epidemics " or minor waves follow one another, generally speaking, roughly at yearly intervals, being favoured by waning of the protection afforded by previous attack and precipitated in large measure by seasonal influences -these "trailers" may be compared to "ripples upon the surface of the ocean swell" of the major waves. At the crests of the major waves, there is a marked tendency for a certain number of cases with nervous complications to manifest themselves, but the development of prevalences of cerebrospinal fever is encountered only in the intervals between the crests-of the major waves of influenza, and these developments are favoured by the same seasonal influences which promote the development of " trailers" of influenza. Thus, as Chalmers pointed out to this Section two years ago, cases of cerebrospinal fever had been recognized in Glasgow almost from the beginning of the pandemic outbreak of 1890, but the widespread prevalence of cerebrospinal fever was not developed in Glasgow until 1906-07.
Turning now to the other standpoint, that from which study is made of the way in which these two diseases react upon particular individuals; the pandemic waves of influenza, sweeping as they do over communities in some six to eight weeks, exhaust the available susceptible material to varying extents; they do not affect the entire population, even in the large cities, and, in the country, great numbers of people escape altogether. Those who are attacked acquire a temporary immunity, but they are apt to suffer again in course of time, as their protection fades away, and on the development of the " trailing epidemics"; the form assumed by the malady in the individuals attacked in the "trailers " is never, however, quite that presented by the majority of sufferers in the pandemics-the knock-out character of the invasion is much more rare and, on the other hand, complications (respiratory, gastro-intestinal, and nervous) are far more comamon. Thus the reaction observed at different phases of the major wave, between the influenza poison and the unprotected member of the affected community, is by no means constant. Just as the community's resistance varies, so it must be realized that the apparent intensity and the very mode of attack of the poison unquestionably exhibit noteworthy variations at differing points of time-for example, on the crest of, or in the trough of, a wave.
There seems good ground, therefore, for suspecting that the epidemic form of cerebrospinal fever may represent the particular type assumed, on the development of a "trailing epidemics" of influenza, in certain individuals, belonging to communities which have already suffered more or less severely in a preceding pandemic outburst. Such a suspicion is confirmed when it transpires that the individuals who are the subjects of cerebrospinal fever, in these outbreaks, are not those who have already suffered from influenza, but are, as a rule, the young children, recruits, immigrants, and recent arrivals from country districts, who have newly joined the affected community and who have not acquired any sort of previous protection. In the light of this consideration the varying manifestations of influenza and cerebrospinal fever in, say, London or New York on the one hand, and in areas comparatively removed from the great centres of communication and traffic, on the other, find quite simple explanation.
Whether such an interpretation of the facts be accepted in its entirety or not, at any rate the available epidemiological literature affords ground for regarding cerebrospinal fever as a disease which simultaneously affects large 'parts of the inhabitable globe, and the history of which stretches back into the past as far as any records describing the particular kind of symptom-complex in question are traceable. The 1malady is thus clearly marked out as being within the purview of this Section, the objects of which have been defined as having relation to the " occurrence, persistence, and variations in type or character of epidemic disease."
The point of view I have outlined is not, however, it must be admitted, universally accepted; indeed, it is still not infrequently assumed that cerebrospinal fever dates from 1805, in which year it has been seriously suggested that the meningococcus sprang forth, fully armed, by mutation from the gonococcus. The meningococcus itself, be it remembered, was not described until 1887. We are told by two latter day bacteriologists that " whether the disease is an entirely new one, or has always existed, is a matter largely for antiquarian speculation." This is the kind of remark that makes one wonder whether the Princess Epidemiology really is dead or whether, peradventure, she only sleeps an enchanted sleep. Apparently the reason for dating the origin of cerebrospinal fever from 1805 only, is just that a particularly clear account of the outbreak of that year was given by contemporary writers at Geneva, but if this line of argument is to be accepted as valid, diphtheria must have originated at the time of Bretonneau, typhoid fever at that of Jenner and Stewart, and so on.
If epidemiology is to be allowed any say in the matter at all the literature certainly justifies the conclusion that the disease is no new one.
The question of diagnosis of cerebrospinal fever outbreaks is now, of course, greatly complicated by bacteriological considerations, which have led in the last year or two to the concentration of attention upon very delicate and difficult laboratory tests, with a perhaps not altogether unnatural tendency to promotion of a feeling that the outbreaks of prebacteriological days must be regarded as being wrapped in complete mystery. Two modern writers, Dr. Foster and Dr. Gaskell, remark, however, that " the apparently enigmatical march of the disease in the old epidemics (by old, is apparently meant those of the nineteenth century) acquires a fresh interest and uleaning when an attempt is made to trace the path of long past carriers." Thus they find cerebrospinal fever at Geneva in 1805, and in Massachusetts in 1806, and they say, " as to whether any emigration from Switzerland took place there is no evidence, but there has always been interchange between Geneva and North America." Again, an " Odyssey" of carriers explains the march of the disease from the Pyrenees to the Rhine in 1839-40. Yet, again, " the disease appeared at Bardney, in Lincolnshire, in 1867. In connexion with this apparently isolated outbreak it must be remembered that farmers near the recently reclaimed fenland were in the habit of employing gangs of reapers from Ireland, and that this may have been the method by which the infection was imported." Here then are two points of view; we find ourselves in fact at the parting of the epidemiological and the neo-bacteriological ways. The difference is as great as that which distracted the two great empires of Lilliput and Blefuscu. On the one hand the " Big-endians "-or epidemiologists-by preference deal with outbreaks of disease on a large scale; the " Littleendians," on the other hand, approve a theory which has been carefully worked out by applying it to material obtained from isolated individuals and submitted to an exceedingly elaborate scheme of laboratory testings. The "Big-endians " claim that there is a noteworthy relation between the world movements of epidemics of influenza and those of cerebrospinal fever. The "Little-endians," taking on the other hand Geneva and Massachusetts, the Pyrenees and the Rhine, or Dublin and Bardney, claim that they have evidence which can be utilized for drawing deductions of quite a different character. Epidemiology is, of course, intimately concerned with the former findings, but is at a loss in dealing with the latter. The admittedly imperfect character of the data is, in the former case, compensated for by taking the broad view; the imperfection is rendered particularly glaring in the latter by taking a narrow one.
When Hirsch refers to outbreaks in Geneva and Massachusetts, he means to say they were recorded in these places. Epidemiology reads into this, in the light of later experience, very widely diffused prevalence. Similarly the disease may have gone from the Rhine to the Pyrenees, or from the Pyrenees to the Rhine, or appeared practically simultaneously in both localities, in 1839. And, again, the evidence for association between Dublin.and Bardney, in 1867, seems, epidemiologically speaking, unduly pressed, for, judging again in the light of later experience, the disease recorded in Dublin, in 1866-67, doubtless also affected other places in Ireland, and it is almost unthinkable that Bardney was the only part of England invaded at that time. Bruce Low in his paper read before the Epidemiological Society in 1899 told us that cases were reported during 1866 in London and in Rochester, and he reminded us that even in England in 1899, this particular malady was "frequently overlooked." Why then assume that Bardney must necessarily have derived its infection directly from Dublin? I have referred to the instances cited because they illustrate differences of point of view which are of fundamental importance if bacteriologists and epidenmiologists are ever to arrive at an understanding with regard to cerebrospinal fever.
A very instructive case, which may be mentioned here, is one which has been made the subject of careful investigation by Surgeon-General Rolleston, and it is also commented upon by Dr. Mearns Fraser, in his annual report for Portsmouth, 1915 . A private at Eastney barracks developed cerebrospinal fever on January 15, and it was suggested that the infection was introduced from Canada. On analysing all the available information it was found that if any connexion between the Canadian and the Eastney epidemics was to be maintained, " it must be assumed that there were at least two undetected carriers." On the other hand Surgeon-General Rolleston points out that "the almost simultaneous outbreak of cases in other parts of the country, and the weakness of the assumption of the hypothetical carriers, make it probable that the epidemic was due to some undetected chronic carrier." Dr. Mearns Fraser adds that "cases broke out at almost the same time in other parts of the borough, and at this date London and many other parts of the United Kingdom were also involved." In the light of this knowledge the attempt to trace infection in each instance to a hypothetical healthy carrier seems quite a work of supererogation. The medical officer who is confronted with the new demand that each outbreak shall be traced not merely to importation of infection, but to such introduction of mischief, not by affected persons but by "well persons," may well cry out in desperation, " 0 that way madness lies, let me shun that."
It may be added that it is sometimes stated that the United Kingdom "enjoyed a marked relative immunity" throughout the nineteenth century. Now, how is this compatible with the admitted risk of infectiQn from Geneva or from Ireland, and from numerous other places, the presence of mischief in which must have threatened the United Kingdom as a whole far more seriously than it menaced either Massachusetts or the individual village of Bardney, in Lincolnshire ? Epidemiology frankly admits the imperfection of its records, and does not attempt to track healthy persons from China to Peru; it recognizes, moreover, the fact that almost the whole inhabited globe was involved in each of these epidemic prevalences. Despite the imperfections it does, however, claim that, taking a broad view of the records of cerebrospinal fever, they group themselves into periods, and these show a special relationship to pandemic influenza, a relationship which would be fully explained if it were premised that cerebrospinal fever is the form in which the morbific influence is especially apt.to manifest itself epidemically in certain persons-namely, those unprotected individuals who are attacked in the " trailing epidemics" which follow after the pandemic prevalences. It may, at any rate, be argued that the " enigmatical march " of infection in the old epidemics affords no reason whatever for assuming that " healthy carriers " of meningococci, to the exclusion of actual sufferers from one or other of the manifestations of disease exhibited in these epidemics, have played any special part in promoting the spread of cerebrospinal meningitis.
Foster and Gaskell's last word on this aspect of the subject is, it is worth noting, that " It is not necessary (therefore) to attempt to trace a direct spread from any particular epidemic, since the matter is more a question of the occurrence of the appropriate conditions than of the introduction of an extraneous infective agent."
Finally, on this question of history, it may be remarked that the writers quoted, after detailed reference to recent very fatal prevalences on the Gold Coast, East Africa, &c., agree (p. 11) " that the disease is more widespread in tropical countries than is generally recognized," a view which may be contrasted with their feeling the need for linking up Geneva and Massachusetts, and Ireland and Bardney, in previous epidemic prevalences.
There are certain epidemiological features characterizing the outbreaks described by earlier writers, which are abundantly confirmed by almost all observers of the recent prevalence. The description of these given by Foster and Gaskell in their monograph is, fortunately, available, and certain supplemental observations may be added.
(1) There is " the disconnected way in which the bulk of the cases occur," or, as they say elsewhere, there is the " little apparent connexion between them." They add the further observation that "the number of nurses and medical attendants who have contracted the disease is small."
(2) " Two types of community appear to be especially susceptible" (to epidemic prevalences), " children in crowded town areas, and troops." They add, that the disease occurs "more especially among newlyformed units"; and, again, in communities which are " rapidly changing," for example, in the population of New York with its " constant stream of immigrants from Europe."
(3) " The most important factor in bringing about the spread of the disease is overcrowding." So far there is complete agreement, but now comes a striking difference between older and later observers, who take quite different -views concerning the relation of the disease to influenza. The earlier observers, as has been already noted, for the most part assume that cerebrospinal fever is part and parcel of the epidemic manifestations of influenza. At the other extreme the observers of the recent prevalence are particularly careful to discriminate and distinguish. Thus some say, the outbreak coincided in point of time with an outbreak of influenza, but they are careful to add, this was doubtless the result of chance; or, alternatively, such an attitude as that expressed in the following quotations, is adopted. "It is not uncommon to find that some comparatively slight illness has preceded the acute onset of cerebrospinal fever, such as influenza or sore throat." . . . "The diagnosis of early cases of cerebrospinal fever from influenza presents some difficulty." " Mild cases of cerebrospinal fever may be unrecognized, and classed as influenza, but no proof exists that the former disease is ever so slightly marked as not to develop at least some of the diagnostic signs."
Here, then, again, are the epidemiological and the neo-bacteriological points of view, and the last quotation clearly sets out the distinction between them. On the one hand the disease may be regarded as a complication or sequela of influenza, it being assumed that owing to special circumstances some individuals, when' attacked by influenza, develop cerebrospinal fever, and thus to the infection of influenza is superadded the complication of involvement of the central nervous system. On the other hypothesis cerebrospinal fever and influenza are held to be quite distinct diseases; if cerebrospinal fever appears at all it is developed quite characteristically, and in order to explain sporadic occurrence of the cases, it is assumed that apparently healthy persons may transmit the causal organism. Curiously enough, while it is maintained that at least some of the diagnostic signs must be present in cerebrospinal fever (see above), it is quite naively assumed as a matter of course that a carrier of the infection of the disease cannot be expected to present any signs of illness at all. Certain considerations relating to the two rival hypotheses may conveniently be stated as follows. On the left hand side are set out the points in favour of or against each theory from the point of view of its supporters, and on the* right hand side are certain comments made from the opposing point of view. (1) The fact that not infrequently, To these accounts, however,. the in the accounts given of pandemic upholder of the second theory at; influenza, mention is made of cases taches little, if any, importance; or exhibiting involvement of the nervous at most admits that they may be system with symptoms strongly sug-regarded as of "antiquarian" interest. gestive of cerebrospinal fever.
(2) The common supervention of widespread outbreaks of cerebrospinal fever a few years after development of pandemic prevalences of influenza; these have been ascertained, in certain instances, to have occurred simultaneously with the "trailing epidemics" of influenza which are known to prevail more especially in the great centres of communication and traffic.
(3) The involvement in these last named outbreaks, for the most part, of persons (young children, troops collected from country districts, immigrants, &c.) who have not previously suffered from itofluenza.
The upholder of the secon7d theory tries to explain these outbreaks as being due to the movemeIits of healthy carriers. Some authorities, moreover, question altogether the influenzal nature of "trailing epidemics."
The fact is, of course, admitted. The involvement of troops is, however, attributed to "special virulence of the causal organism, which enables it to attack older persons than those for whom it is ordinarily apt to manifest predilection." (B) Need for Further Confirmatory Evidence.
(1) There should be association in families, regiments, &c., attacked, of cerebrospinal fever with influenza.
(2) There should be cases in which it is impossible to differentiate between influenza and cerebrospinal fever in the early stages of illness.
I have endeavoured to obtain evidence with regard to these two points by instituting an analysis of the returns which have been made by London Borough Medical Officers. A summary of the conclusions reached will be given later.
(C) Objectionzs.
IThe theory involves acceptance of belief in an undiscovered causa causans of influenza, which, it must be assumed, may be associated, in different individuals and in different epidemics, with various species and strains of secondary invaders.
In epidemiology the fact that something or other has not been proved to exist, does not necessarily imply that it does not exist. More (2) It should be shown that healthy carriers infect, and that they are more numerous in stricken communities than in the absence of prevalences.
No satisfactory answer to this question has been forthcoming. The suggestion has been recently made that the meningococcus is essentially a saprophyte, and only possesses potentialities of parasitism" (see p. 43).
There is need for further inquiry from the statistical side with regard to this question.
(C) Objections. The theory involves acceptance of belief in an undiscovered something which activates the meningococcus and enables it to assume pathogenicity.
The same comment applies here as in the corresponding section (C) belonging to the " First Theory."
Recent inquiry has brought to light further information concerning certain of the six sections included in the above analytical statement. This evidence is either mainly epidemiological (section (B) of, Theory I), or mainly bacteriological (section (A) of Theory II), and may be profitably considered under these two heads.
THE FURTHER EPIDEMIOLOGICAL EVIDENCE. I have tried, from time to time in the last twelve years, to obtain some light with regard to the difficulties of section (B), sub-sections 1 and 2, of Theory I. My attention was first specially directed to the likeli-hood of confusion arising between epidemics of cerebrospinal fever and influenza, at the time of the occurrence of "An epidemic simulating influenza" in East Herts, in the winter of 1904-05 (see the Report by Dr. R. A. Dunn and Dr. M. H. Gordon). There was some disposition at the time to regard this as a " new disease." Gordon, who made the bacteriological investigation, did not consider that the meningococcus was at fault, but cases with marked nervous complications occurred, and the malady was said by many observers not to be influenza. Dr. Lovell Drage, who had seen a number of the cases, agreed with me, however, in claiming that influenza was in question (see the Milroy Lectures, 1906, p. 39) . Again, in 1906-07, coincidently with development of cerebrospinal fever in Belfast and Glasgow, an " Outbreak simulating influenza" occurred in an institution in Holborn, and it was reported upon by Dr. Bond.' In a contribution, prepared at Dr. Bulstrode's request, to the discussion on Dr. Bond's paper, I ventured the suggestion that in some of the outbreaks of cerebrospinal fever which had been described by medical inspectors of the Local Government Board, in those of Dr. Dunn and Dr. Gordon, and of Dr. Bond, and, perhaps, in Belfast and Glasgow also, it was really influenza with special involvement of the nervous system that was at fault. During the winter of 1906-07 there was no very noteworthy increase in the recorded incidence of cerebrospinal fever in London, though influenza was known to be prevalent there at that time. With a view to clearing up the question and studying any suspected cases, the disease was made notifiable by the London County Council, on Sir Shirley Murphy's recommendation, on February 26, 1907.
Question then arose as to whether the ordinarily occurring cases of posterior basal meningitis should be notified, and the Council accordingly sought the help of the Royal College of Physicians. The President appointed a Committee to advise, and they reported, inter alit, that there were no demonstrable differences in the bacteriology of the two diseases, and recommended that it should be assumed that " posterior basal meningitis is included under the term cerebrospinal fever." The Council, on Sir Shirley Murphy's advice, instructed Dr. Wanklyn to proceed to Glasgow with a view to learning any lessons which the experience of that city might teach, and, later, his services were placed at the disposal of London practitioners for consultation with regard to doubtful cases. Froin the first Dr. Wanklyn Tants. Epid. Soc. Lond., 1906-07, N.S., xxvi, p. 110. insisted upon the difficulties of diagnosis, and in a report (Appendix I to Sir Shirley Murphy's Annual Report for 1907) he very carefully considered how far reliance could be placed upon bacteriology. Dr., Wanklyn and I frequently discussed at that time the extent to which cerebrospinal fever was found in association with certain forms of illness -influenza, sore throat, pneumonia, diarrhoea, &c.-affecting other members of invaded families.
Shortly after this date Dr. Frolich was in this country, and Dr. Bulstrode and I had the opportunity of learning from him much that was of great interest to us in connexion with influenza, and the views held by Norwegian medical men concerning its protean manifestations. About this time, too, the results of a research by Dr. Brorstrom were made public. Dr. Brorstrom investigated an outbreak of epidemic poliomyelitis in Sweden, and came to the conclusion that this prevalence was really a manifestation of influenza. He examined groups of cases in families, and gave instances, for example, of three children exhibiting influenza with broncho-pneumonic symptoms, while two others developed poliomyelitis. The difficulty of distinguishing in all cases in London, moreover, between poliomyelitis and cerebrospinal meningitis became strikingly apparent when, thanks to Dr. Batten, the former disease was also made notifiable; it was interesting to find that a similar difficulty was shortly afterwards experienced by medical inspectors of the Local Government Board, in the course of their inquiries in Devonshire, the Midlands, and elsewhere. I was able to pacify Dr. Reece, temporarily, by assuring him that all returns concerning the London cases of poliomyelitis were made on blue forms, and all returns concerning cerebrospinal meningitis on white forms. Furthermore, at about this time, the accounts of the epidemic in Silesia were forthcoming from Germany,l and the disappointing result of the attempts made to control the movements of healthy carriers was freely and fully exemplified by the German investigators.
At length with the outbreak of war, and, the arrival in London of recruits from remote parts of the country, many of whom were aggregated together in considerable numbers, a notable prevalence of declared and notified cerebrospinal fever was plainly manifested in London. It was felt that there was now opportunity to study further the nature of the relationship between influenza and cerebrospinal fever. Dr. Brincker, Dr. Forbes, and later, Dr. E. H. Ross, Klin. Jahrbuch, 1908, xix, p. 4. acting for the London County Council, were frequently called in consultation by practitioners, and the London Borough Medical Officers of Health were carefully collating particulars as to " recent illness, including discharge from ear or nose, enlarged glands, &c.," and also as to "health of other inmates of house, especially noting whether any presented symptoms resembling those of cerebrospinal meningitis, influenza, sore throat, gastro-enteritis or 'nasal catarrh.'" On analysing the returns made it appeared that among the 462 cases occurring (during the period January 1 to May 22 of the year 1915), concerning wbich particulars were obtained, there was a history of recent influenza in thirty-seven instances, and in twenty-seven of these the patient was said to be suffering from influenza within seven days of the onset of symptoms of cerebrospinal fever. Colds, sore throat, cough and catarrh were noted as having affected seventy patients prior to attack by cerebrospinal fever, and ten patients had recently suffered from pneumonia. Contact with cases of influenza colds, &c., was noted in sixty-six instances. Two questions were thus seen to arise (Annual Report, 1914, p. 35) : " Whether the number of cases of cerebrospinal fever giving a history of (a) recent attack by, and (b) contact with, cases of influenza was greater than night have been expected as a natter of chance. T-he determination of the probability of the occurrence of (b) would have necessitated the use of some hypothetical figure which would represent the average number of persons coming into association with the average Londoner in a week. It is obvious that the use of such a figure, in the absence of any precise data for its determination, would detract from the value of any conclusions drawn; consideration was therefore limited to the determination of (a), where the only unknown quantity in the problem was that denoting the prevalence of influenza." Mr. G. H. Day kindly calculated for me the number of cases of influenza which it might be estimated would occur in the London population, week by week, on the basis of the attack rates furnished by returns relating to 3,000 officers in the employment of the London County Council. The number of cases of cerebrospinal fever occurring in each week was known, as also the number of such cases giving a history of suffering from influenza, within seven days of the onset of cerebrospinal fever. The probability of the occurrence of the association of cerebrospinal fever with a history of previous influenza within seven days could thus be ascertained. In summary of the results obtained the following statement was made: "Suppose that 462 persons are chosen at random from the London population, in groups of from twenty to thirty, during each week of the first five, months of the year 1915 (these were, in fact, approximately the numbers of the actual sufferers in each week). One would expect, having regard to the prevalence of influenza at the time, to find that some two or three of the 462 persons thus chosen would either be suffering from or have recently recovered from an attack of influenza; turning, however, to the 'selected' group of 462 sufferers from cerebrospinal fever, it is found that not two or three but as many as twenty-seven give a recent history of influenza attack. This latter number (twenty-seven) compared with the 'expected' is so large as to afford strong ground for the belief that some relationship exists between the two diseases. This presumption is materially strengthened when regard is paid to the large number of cases of cerebrospinal fever.
giving a history of contact with sufferers from influenza." As the outcome of the outbreak of 1914-15 many reports appeared, some of which contained special reference to association of catarrh and cerebrospinal fever. At the discussion held here last year Dr. Newsholme observed: "In reading through a large number of manuscript reports of outbreaks of this disease, during the last few weeks, I have been much struck by the fact that in a large number of instances there were, for about a fortnight at the beginning of the illness, catarrhal symptoms, which afterwards merged into meningeal symptoms." In the same discussion Dr. Buchanan and I urged the importance of studying the relation of meningitis prevalence to increased mortality from influenza, bronchitis and pneumonia, and Dr. Mearns Fraser stated that " he had been particularly struck by the fact that in a large proportion of the civilian cases there had been an outbreak in the house of influenza with severe headache a week or two previous to the case of cerebrospinal fever." In my recently published Annual Report (p. 10) I have given a summary of some of the observations made with regard to this question in various Army and Navy reports, and to this there should be added the witness borne by Lundie, Thomas, Fleming, and Maclagan, who found that nasopharyngitis was an initial prominent symptom in every case of cerebrospinal fever examined by them; there may, further, now be added the testimony given in the recently published Commonwealth of Australia Report. The writers say: " It is, indeed, hard to resist the conviction that epidemics really consist of epidemic nasopharyngeal catarrh, with occasional complicating meningitis, and further investigation will probably prove the correctness of this view" (p. 18).
At the conclusion of the recrudescence of cerebrospinal fever of the early part of the present year, it became possible to make a fuller analysis of the London returns dividing up the period under review into epidemic and non-epidemic periods (Annual Report for 1915, p. 111). So far as " influenza " within seven days of onset of cerebrospinal fever was concerned, there were in the non-epidemic period (1914) no cases; during the epidemic of January-May, 1915, there were twentyseven cases, while chance would only have warranted an expectation of some two or three cases; then, in the ensuing period of declining prevalence there was only one such case, presumably a chance occurrence; and, in a recrudescence (January-April, 1916) there were five cases, a number slightly in excess of that which might have been anticipated as a mere chance result. Furthermore, in the four periods in question, the proportions of cases with a history of contact with influenza were P6, 5, 1 and 2 per cent. respectively.
It has been suggested that the association of influenza with cerebrospinal fever in epidemics is merely fortuitous, and the criticism has been urged that a history of influenza just preceding declared cerebrospinal fever is due to the fact that the early stages of the latter disease may closely simulate those of the former. But the critics cannot satisfactorily explain away the frequent association in epidemic prevalences of the two symptom-complexes, nor again the association of cerebrospinal fever, in particular military huts, houses or families, with cases of influenza, catarrh, &c., and not, as a rule, with other cases of cerebrospinal fever. I examined, moreover (loc. cit.) as a kind of control experiment, the extent to which association with soldiers was recorded in the notified cases of cerebrospinal fever, and found it much lower than the percentage in the original experiment, though it might, ceteris paribus, have been expected to exceed that percentage.
So much for the examination of the extent to which study of the recent prevalence confirms views previously held with regard to association of influenza and cerebrospinal fever. It is time now to revert to Section (A) of Theory II, and here it is very difficult for anyone, not a working bacteriologist, fully to appraise the evidence available. The case is, however, so ably and impartially set out by Foster and Gaskell that reference to their statements may be made under the following heads, with a view to focusing attention upon some of the difficulties felt when the accepted bacteriology is regarded from the epidemiological standpoint. Here it is stated that " The differentiation of the meningococcus is complicated by the fact that it is doubtful whether it is really a specific organism; it is really more likely that a group of closely allied organisms exists, any one of which may be the cause of epidemic meningitis. This multiplicity of strains is possibly the reason why all work on the biological properties of the organism has been so conflicting."
The variations in size and in staining reaction, the possibility of confusion with other Gram-negative diplococci, and the occurrence of Gram-positive forms in sub-cultures of the meningococcus are then discussed.
"One organism can be eliminated for practical purposes from consideration-namely, the gonococcus. . . . It is doubtful if it has ever been obtained from the posterior pharynx. It is also doubtful whether it is ever the cause of meningitis, though instances of this have been described. On these grounds it is, therefore, unnecessary to consider the methods of differentiation of the meningococcus and gonococcus in this book; the matter is not an easy one, and depends partly on the power of the meningococcus to ferment maltose, a power which the gonococcus does not possess. The differentiation by agglutinating reactions is difficult, as also is the differentiation by complement fixation, for cross fixation may take place to some considerable degree." Then as to the means of distinguishing the meningococcus and parameningococcus from five other commonly occurring and very nearly allied throat organisms, it is stated that " The sugar fermentation tests are very slow," and " The test of growth at 230 C. is of partial value " " agglutination reactions are extremely indefinite throughout the group, and are unreliable for classification purposes." Very interesting statements are made on pp. 151 and 152, as to failure of growth and inhibition of growth of the meningococcus under certain conditions; Uhe reasons for which are not, it is stated, fully understood. " The pathogenicity of the meningococcus with regard to the ordinary laboratory animals is comparatively slight. . . . Too much stress should not be laid on the reproduction of the disease in animals by sub-dural or intraspinal inoculation, for a large number of organisms will do the same, many of which are never found to be causes of meningitis occurring in the human body." (B) The Qiuestion of Fermentation Reactions.
The question of fermentation reactions is then considered. It is stated that " the fundamental difficulty in making use of these reactions for the purpose of differentiation is the complicated nature of the medium which has to be used, and the difficulty of sufficiently sterilizing it without causing alterations in the sugar present. . . . The discordant results of various observers on the fermentation of these sugars by the Gramnegative diplococci are due to this difficulty. The matter is the more important, since the meningococcus and some other members of the group take some days to show with certainty their fermentative power, and the terminal reaction may be only comparatively slight. It is, therefore, always necessary to work with an uninoculated control tube. A series of tubes prepared without the proper precautions may give all sorts of results, so that organisms may be considered to ferment a particular sugar, owing to a reaction which the tube alone would give if incubated without inoculation. . . . Elser and Huntoon have shown that many of the recorded observations on the fermentation of sugars by the meningococcus are erroneous, the reactions obtained having been due to alterations in a badly prepared medium. . . . It is absolutely necessary to subculture from the sown tube to make sure that growth has taken place, and that no contamination has been sown. The latter point is certainly important, and in some cases very difficult to avoid when dealing with cultures from the throat. . . . It has been stated that the meningococcus ferments glucose and maltose only, and this is in all probability the fact." Certain exceptions are, however, referred to. "The glucose reaction varies considerably with different strains of meningococci. We have studied for some inonths a strain obtained by lumbar pun6ture, which completely failed to show acidity in glucose tubes." An explanation is sought by assuming that two opposing factors may be present, the production of acidity by the fermentation of the glucose, and the production of alkalinity by proteolysis. In the strain in question the latter masked the evidence of occurrence of the former. " Micrococcus catarrhalis is said not to ferment any sugar; we have, however, found that indications of acidity may be observed on the second or third day in a glucose tube.
It is possible that here also a balanced reaction is taking place." (C) Agglutination and other Serological Tests.
"Earlier workers endeavoured to substantiate distinctive agglutination reactions. . . (Dunham) found increase in agglutinating power was not sufficiently great to overcome the possible errors in technique . . . not only in preparing a satisfactory emulsion, which is almost impossible with certain organisms of the group, but also in the length of time the reaction takes, and the uncertainty of obtaining a really highly agglutinating serum. The agglutinating power of normal serum from various animals is very variable, not only in different kinds, but also in different individuals of the same kind. Another difficulty arises with the microscopic method; certain organisms, notably Micrococcus catarrhalis, undergo acute sedimentation. . . . (Elser and Huntoon) find a very great variation in the power to agglutinate in various meningococci, some-of them not agglutinating even in the lowest dilutions. These agglutinable strains, however, produced sera which would agglutinate agglutinable strains at high dilutions, although such sera had no power to agglutinate their own strains . . . (Gordon) has arrived at the conclusion that the difficulties in using agglutination as a differential test are due to the fact that the meningococcus is not a single species, but is composed of a group of four separate organisms. . . . It is at present an open question whether such groupings of strains do in reality exist, and whether the simple serum reactions will ultimately turn out to be satisfactory, if used according to Gordon's methods. . . . The difficulties met with in agglutination and other serum reactions have given rise to further atternpts to distinguish separate organisms which are similar to the meningococcus, but yet not meningococci. Among these may be mentioned the pseudo-meningococcus of Elser and Huntoon, and the parameningococcus of Dopter. (The former) fails to absorb specific agglutinations fromn a serum immunized to the meningoc6ccus . . . it is probable such a group of organisms does exist. . . (The latter) was not agglutinated by meningococcus serum but fixed complement with this . . . it is doubtful whether it is more than a rather extreme variant of the meningococcus." " Other serological tests have been advocated as being of use in the differentiation of the Gram-negative cocci, but no satisfactory results have been obtained. Opsonic tests have been used, but the phagocytic power of white corpuscles towards different strains of meningococci varies to a very great extent. The opsonic technique is, therefore, of even less value than usual for the purposes of differentiation. Comple-Section of Epidentiology and State Medicine ment-fixation tests have also been studied to a considerable extent, but with unsatisfactory results."
The outcome of all this seems to be that the bacteriologist can determine, within very narrow limits of error, whether or no a particular organism which he has isolated belongs to a group, including the Micrococcus catarrhalis, any-one of the four strains of meningococcus, the pseudo-meningococcus, the parameningococcus, the gonococcus, and certain so-called non-pathogenic cocci. If the information be forthcoming that the material yielding the organism comes from a case of sore throat, the bacteriologist surmises that the first of these organisms may be in question; if from the cerebrospinal fluid he suspects one of the next six organisms, if from the urethra he is on the look out for the gonococcus. In the absence of knowledge of the source of origin it is very difficult, if not, indeed, impossible, to distinguish with certainty between these various types of organisms. This evidence, it may be submitted, does not suffice to show that in each instance the germ causes the disease, it only justifies the conclusion that the several diseases and the various organisms are apt to be associated with one another; and inasmuch as the existence of disease is apparent as a rule before the presence of the organism is demonstrated, the presumption, on the laboratory evidence, might be held to be that the disease favours excessive development of the germ rather than that the germ sets up the disease.
Lundie, Thomas, Fleming and Maclagan, in the paper already referred to, in which they claim thaLt catarrh is constantly present as an initial symptom in cerebrospinal fever, state that, in their opinion, "the primary invasion of the mucous membrane is by a streptococcus, Wvhich prepares the way for the entrance of the more delicate meningococcus." A further step is taken by those who maintain that an ultravisible virus must first appear upon the scene, and that it is the morbid condition set up by the ultravisible virus that is responsible for the activation, first of the streptococcus, and then of the meningococcus.
The ability of a particular type of micro-organism to flourish on a particular "terrain" is, of course, a well-known corner stone of bacteriological theory and practice. The inquirer has recourse to the special material, be it hay, souring milk, or putrefying rabbits' blood, to supply him with the organism he desires to use in his investigations. So it might conceivably be urged, he may look to the mucous membrane of the throat for certain streptococci, and it may be (later) for the more delicate meningococcus; to the urethra for the gonococcus; and to the cerebrospinal fluid for the meningococcus. M. G. Bertrand in his "Etude biochimique de la Bacterie du Sorbose,"' has illustrated the specialized nature of the work done by particular micro-organisms. He writes concerning his bacterium, " Il n'est pas jusqu'a la delicatesse des appetits de ce microbe qui ne soit utilisable dans le but de distinguer plusieurs isomeres, ou de prevoir la structure la plus intime de certaines mol6cules compliquees."
Just as this particular type of germ luxuriates when it can attack sorbose, or certain closely related sugars, may not the meningococcus also luxuriate upon its own special soil ? Bertrand points out that his bacterium, as soon as it has facilitateda certain chemical transformation, "cesse precisement d'exercer son activite comburante," and he adds, " Enfin, les pathologistes, eux-memes, ceux qui ont entrepris la tache difficile de debrouiller le probleme de l'immunite et de la receptivite 'a l'egard des agents infectieux, trouveront dans l'etude de la bacterie du sorbose des arguments experimentaux en faveur du role trop oublie, sans doute, parce qu'il est inal defini, de ce qu'on a appel6 si justement le terrain." There remains to be mentioned a point of some importance. We are told that " the meningococcus, if present in the posterior pharynx, is almost always present in large numbers" (Foster and Gaskell, p. 122 there; or, again, as the hog cholera bacillus is a normal inhabitant of the intestine of the pig, or as pyogenic cocci of the kind which assume such large importance in small-pox are known to be abundantly present upon the human skin. It follows, then, that the case for assuming great meningococcus development to be the result, rather than the cause, of cerebrospinal meningitis, is very greatly strengthened. It is submitted, therefore, that while search for confirmatory evidence of Theory I, on the epidemiological side, yields results meriting further attention, a corresponding study of recent evidence on the bacteriological side rather leads to strengthening of the suspicion that the meningococcus merely plays a secondary, and not a primary causal role, in determining the course of development of cerebrospinal fever.
If all this be admitted, the precise determination of an organism isolated from a throat is seen to present a problem of great difficulty; and yet, as Ledingham says) "the criteria employed for the identification of meningococci from the nasopharynx have probably not always been of a uniformly strict character." In cerebrospinal fluid, the question (from the bacteriological point of view) is comparatively simple, for, says Ledingham, " organisms other than the meningococcus are only very rarely met with in samples of fresh fluid from cerebrospinal cases;" and, therefore, he adds, some of the tests "may legitimately be dispensed with, especially if work is pressing."
As a matter of fact, in the many hundreds of reports from London bacteriologists in 1915 and 1916, there are only two incidental references to the Micrococcus catarrhalis; in one case a first report states that " the bacteriologists were unable to state that the diplococcus was not really the Micrococcus catarrhalis"; and, in a second, there was found a diplococcus, " possibly the Mlicrococcus catarrhalis, or the coccus that Still described." In view of the admitted difficulty of distinguishing between Micrococcus catarrhalis and the meningococcus, and the fact that it is perforce oftentimes the accepted practice to dispense with the attempt finally to clinch the diagnosis between them, the two reports in which reference is made to this difficulty may interest any latter day Diogenes who, armed with his lantern, is prowling about searching for an absolutely matter-of-fact bacteriologist. A sceptic who entertains the notion that one Gram-negative coccus may quite possibly undergo mutation into another, under appropriate conditions, may go so far as to speculate whether the recent outbreak might not quite as justly be attributed to a modified strain of Micrococcus catarrhalis as to the meningococcus itself; particularly when it is recollected that a similar outbreak in East Herts a few years ago, was ascribed by Gordon to the Micrococcus catarrhalis. It must be borne in mind, however, that though in that outbreak Gordon was able, in the light of the knowledge then available, definitely to exclude the meningococcus, the test then regarded as absolutely reliable for purposes of differentiation is now no longer deemed trustworthy.
It remains to add that recent advance in bacteriological knowledge renders it very difficult to frame rules for the guidance of those who propose to investigate the problems presented on an attempt to control the spread of the disease by restricting the movement of healthy carriers. This difficulty will be seen to be the more serilous when it is realized that it is claimed " the disease need not be carried from one patient to another by means of one single carrier, but many intermediate carriers may be concerned in such 'a transmission"; and when it is admitted by experts that " if some of these intermediate carriers were of the transient type, the tracing of the path of infection would become impossible." I cannot, I think, do better than close these rambling observations by two appeals to high authority, one with regard to poliomyelitis, and one with regard to cerebrospinal fever. First, Dr. Simon Flexner, in a paper on poliomyelitis, writes as follows: " We do not possess a generally acceptable theory to account for the epidemic waves of disease. What is required is an adequate explanation of the initial rise, persistence, and the final fall of the wave -as represented by the varying number of the affected. That mere presence of the microbic causes of the disease does not suffice to produce epidemics has long been known. It is just the discrepancy between the occurrence of the microbic cause in sporadic cases of potentially epidemic diseases and the absence of true epidemics that has led to the formulation of the hypothesis of concomitant causes of v. Pettenkofer and of Naegeli. While the one supposes a. necessary ripening of the microbic agent in the earth as a pre-requisite, the other invokes the co-operation of a second, though unknown, but subsidiary micro-organism. The subject has not been rendered essentially more comprehensible by the discovery of the healthy and chronic carriers of infectious micro-organisms, or by the more ready detection of so-called abortive cases of infection. Indeed, these discoveries only add to the perplexity, since they prove that potentially infective paicro-organisms capable of starting epidemics are more frequently present in our surroundings than has hitherto been supposed." strains of pneumococci or of streptococci, or of Pfeiffer's bacilli, with corresponding pneumonia, tonsillitis or influenza. The Advisory Committee advise (p. 57) that "cerebrospinal fever is an epiphenomenon of the (saprophytic) epidemic." The alternative view is that the unknown agency is the original cause of the "influenza" outbreak, which assumes various types, and it is the appearance of the corresponding "epidemic strain" in each case that constitutes the epiphenomenon. (Novemnber 24, 1916.) The Outbreak of Cerebrospinal Fever at Salisbury in 1914-15. By M. GREENWOOD, Jun., Captain R.A.M.C.(T.F.).1 THE following observations summarize the statistical section of a report on the Salisbury outbreak which I was instructed to prepare in collaboration with Dr. W. J. Penfold, of the Lister Institute. Dr. Penfold's absence from England makes it impossible to complete the report, but, as some of the facts may be of interest in connexion with Dr. Hamer's paper, it seemed desirable to publish these notes. It is to be hoped that Dr. Penfold will ultimately discuss the whole subject.
At an early stage of the epidemic which attacked the civilian population of Salisbury in the winter of 1914-15, Dr. Penfold was instructed by the Governing Body of the Lister Institute to visit the city and collaborate with the local authorities. A laboratory was equipped and preparations made to supply vaccine for the prophylactic inoculation of all who desired to avail themselves of the process. A polyvalent vaccine, embracing in most cases six distinct strains of meningococci, was manufactured, the strains being all derived from Salisbury cases. Adults normally received a first dose of 250 to 300 millions, followed a week later by 1,000 millions. No untoward results of inoculation were observed and the local reactions were, in the -great majority of cases, slight.. In all, over 4,000 persons were inoculated, and particulars of most of these inoculations are furnished below.
From the Lister Institute of Preventive Medicine.
